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Topics

* Context: Systems design issues in Healthcare
* Functional characteristics of an ideal system

e A prototype operational EHR with genomic
decision support



Systems Design Issues
in Healthcare

e Current practice largely
depends upon the clinical
decision making capacity
and reliability of
autonomous individual
practitioners, for classes of
problems that routinely
exceed the bounds of
unaided human cognition




!Naﬁlnw-cnstDNA decoding machine - | + |
yourlife.usatoday.com/health,/story/2012-01-11/Cc "‘l- Google Pl A&

HUSATODAY Your Life = GetHomeDeivery | B Mobie
Home News MU vl money  sports

Your Life | Health | Fitness & Food | Family & Parenting | Sex & Relationships | Your Look | Blogs

Company announces low-cost DNA decoding machine
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NEW YORK — A biotechnology company announced it has developed a machine to
decode a person's DNAIn a day for $1,000, a long-sought price goal for making a
person's genome useful for medical care.

Life Technologies Corp. said Tuesday it was taking
orders for the technology, which it expects to deliver in
about a year. The Carlsbad, Calif., company said three
major research institutions had already signed up for the
$149,000 machine: the Baylor College of Medicine, the
Yale School of Medicine and the Broad Institute of
Cambridge, Mass.

The machine is a sequencer, meaning that it lets
scientists identify the sequence of the 3 billion chemical
0 Proton(TM} Sequencerl Life Technologie building blocks that make up a person's DNA. Since the
: first sequencing of the basic human genome was
announced at the White House in 2000, the costs of
sequencing DMNA have steadily fumbled. The $1.000
target has long been cited as a key step toward making
the technigue practical for doctors to use to help their
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The molecular tsunami crashes on the
beach of human cognitive capacity for
decision making...
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7 desiderata for molecular variation
data in EHRs

1. Lossless data compression from (high volume)
primary observations to clinically relevant
subsets.

Issue: current practice by clinical laboratories
extinguishes many observations not felt to be
clinically relevant.



7 desiderata for molecular variation
data in EHRs

1. Lossless data compression from (high volume)
primary observations to clinically relevant
subsets.

2. Since methods will change, molecular lab
results carry observation methods with them
(LOINC model)

Issue: Methods used to perform genetic assays
normally embedded in PDF text report but not
available as structured data.
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7 desiderata for molecular variation
data in EHRs

1. Lossless data compression from (high volume) primary
observations to clinically relevant subsets.

2. Since methods will change, molecular lab results carry
observation methods with them (LOINC model)

3. Compact representation of clinically actionable subsets
for optimal performance (clinician thinkspeed =
250msec)

Issue: Using keywords and short phrases e.g.,
CYP2C19*2*2 as shorthand for presence of CYP2C19
homozygous variant that poorly metabolizes commonly
prescribed drugs such as Clopidigrel (Plavix) enables
quick visual recognition and efficient lookup by decision
support rules. Currently << 1% of complete genome.



7 desiderata for molecular variation
data in EHRs

Lossless data compression from (high volume) primary
observations to clinically relevant subsets.

Since methods will change, molecular lab results carry
observation methods with them (LOINC model)

Compact representation of clinically actionable subsets
for optimal performance (clinician thinkspeed =
250msec)

Simultaneously support for human-viewable formats
(with links to interpretation) and formats interpretable by
decision support rules.

Issue: Volume and complexity of molecular variation data
exceeds cognitive capacity even of specialists. “Genomic
competence” rare among primary care providers.



7 desiderata for molecular variation
data in EHRs

Lossless data compression from (high volume) primary
observations to clinically relevant subsets.

Since methods will change, molecular lab results carry
observation methods with them (LOINC model)

Compact representation of clinically actionable subsets for
optimal performance (clinician thinkspeed = 250msec)

Simultaneously support for human-viewable formats (with
links to interpretation) and formats interpretable by decision
support rules.

Separate primary sequence data (remain true if accurate)
from clinical interpretations of them (will change with rapidly
changing science)

Issue: Data plus interpretation in narrative lab report
document is the most common current format for
transmitting results back to clinicians.



Most common current method for delivery of DNA analysis

into clinical operations
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Nashville, Temnsssse 37232 e by vt
Name: Sex; Laboratory Number: VUL
AR F | -_— A
Referral Source: Dr. Kim Ely
Reasan for Regquest: DNA Analysis for KRAS Mutations
Type of Specimen: Paraffin-Embedded Tissue (Biock # (EIGEG_G_E)

Date Recelved: 212410

Date of Report: 218010

Interpretation; ARAS Mutation NOT Detecled
Mutations Tested Include:

G12A, G12C, G12D, G12R, G128, G12V, G13C, 613D

The KRAS gene (12p12) is a member of the Ras family of profo-oncogenes, and encodes a in confain
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7 desiderata for molecular variation
data in EHRs

Lossless data compression from (high volume) primary
observations to clinically relevant subsets.

Since methods will change, molecular lab results carry
observation methods with them (LOINC model)

Compact representation of clinically actionable subsets for
optimal performance (clinician thinkspeed = 250msec)

Simultaneously support for human-viewable formats (with
links to interpretation) and formats interpretable by decision
support rules.

Separate primary sequence data (remain true if accurate)
from clinical interpretations of them (will change with rapidly
changing science)

Anticipate the boundless creativity of Nature: multiple
somatic genomes, multiple germline genomes for each
individual over their lifetime.



7 desiderata for molecular variation
data in EHRs

Lossless data compression from (high volume) primary
observations to clinically relevant subsets.

Since methods will change, molecular lab results carry
observation methods with them (LOINC model)

Compact representation of clinically actionable subsets for
optimal performance (clinician thinkspeed = 250msec)

Simultaneously support for human-viewable formats (with
links to interpretation) and formats interpretable by decision
support rules.

Separate primary sequence data (remain true if accurate)
from clinical interpretations of them (will change with rapidly
changing science)

Anticipate the boundless creativity of Nature: multiple
somatic genomes, multiple germline genomes for each
individual over their lifetime.

Support both individual care and discovery science
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Intrepretations
of primary data
(expect rapid
change)

Layered classes of
EHR-relevant data

rule for CYP2C19*2 homozygotes at time
of clopidigrel prescribing).
A few tens of bytes each.

Structured keywords for clinical decisior\ Interpretive
support (e.g., C*2*2CLM fires decision codes

Primary
Observations.
If accurate,
keep forever

Diagnostic
Interpretations
(PDF reports). A few
kilobytes each.

Personal molecular differences
represented in EHR as computed
offset from a Clinical Standard
Reference Genome (CSRG)
=~1% of genome/ proteome.

A few megabytes.

Consensus full personal germline and somatic sequence(s)
and metadata: a few gigabytes each

8x -30x nextgen reads:

hundreds of gigabytes/terabyte




Characteristics of a “Clinical Standard
Reference Genome (CSRG)”

Should generate the smallest number of differences to
be stored in the EHR. (Simplest approach: most
common allele for all known genes)

Should *not* represent any actual person, ethnic
group, family ancestry to avoid arguments based on
those characteristics

Should be accompanied by
decompression/recompression utilities to rapidly
transform any given individual’s genome or subset of it.

Subject to version control: expect many different
CSRGs as sequencing technology improves.
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Putting it all
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operational
healthcare
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PREDICT: Pharmacogenomic Resource for Enhanced

Decisions in Care and Therapy
(Go-live date: Sept 15, 2010)

Use data mining methods in Electronic Medical Record
(EMR) to identify individuals at increased likelihood of a
future prescription of a drug for which pharmacogenetics
has relevance

Prospectively acquire 200 marker SNP panel and put
selected subset of data in electronic medical record

At moment of prescribing, use decision support rules that
look for presence of pharmacogenetic ‘keywords’ e.g.,
‘CYP2C19xxxx’ to guide drug selection and correct dosing.

Track outcomes



Point of care decision support

rHHEﬂPopup
Clopidogrel Poor Metabolizer Rules

Genetic testing has been performed and indicates this patient is at risk
for inadequate anti-platelet response to clopidogrel {Plavix) therapy

T entt gl I E e =y i poor metabolizer of
clopidogrel. Poor metabolizers treated with clopid : g of stent thromk fother cardi llar events.

Treatment modification is recommended:
- e | el (EFFIENT) 10mg

Due to increased risk of bleeding, prasugrel should not be given to patients:

* Not known; please check StarPanel

re for more information

If prasugrel (EFFIENT) not selected, please choose desired action:
¥ - nc (PL

NOTE: The Vanderhilt P&T Committee has recommended that prasugrel {if not contraindicated) should replace clopidogrel for poor metaholizers; if this is not
possible consider doubling the standard dose of clopidogrel {or, use standard dose clopidogrel). However, there is not a national consensus on drug/dose guidance in
this population.

| Close




Clinician display

Clinical Trial Participant = Actions

StarTracker Conditions/Diseases: No Tracked Conditions +Customize
*** notation indicates test is due for repeat and value may be outdated.
Preventive BP BMI eGFR HCT FLUVAX CRC  |Mammogram| PAP
31.7 - - - T - T
143/72 (123072010 52 i3 NONE NONE UNENOWN | UNENOWN
SMOKE
UNENOWN
. ; - MedicationsLog Update Update (free text) NoChang
Patient-specific guidelines ICDY History = 3 3 ( ) -
General Information: Adverse and Allergic Drug Reactions:
penicillin (class) (rash)
PCP: cephalexin (rash)

Primary cardiologist: - Drug Genome Interactions: (72/21/10 08:02)

clopidogrel sensitivity: POOR METABOLIZER., REDUCED ANTI-PLATELET EFFECT - gene:
CYP2C19 - gene result- *2/*2

Medications: prepare to print print and give pt. Show Hx of medications
Dirug/Herb Interactions

aspirin 325 mg orally once daily, in the morning

prasugrel (effient) 10 mg orally once daily

carvedilol 625 mg orally twice daily with meals

lisinopril 10 mg orally once daily

Significant Medical Diagnoses and Conditions:

1. Coronary atherosclerotic heart disease
a. NonSTMI 01/2010

b. Coronary intervention 1/12/2010

(1) Xience 3x23 drg elting stent to RCA
c. Coronary intervention 2/17/2010

(1) two 2.5x28 and 2.25x18 Cypher DES to LAD and diagonal
d. Coronary intervention 4/6/2010

hioeemids A0 mo arall anee dailss
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% My Health At Vanderbilt Gene...

Log Out Here

Genes that affect my medicines QAPATIENTE, GREEN

This test examines your gene known as CYP2C19 (sounds like "sip-2-C-19"). CYP2C19 can affect your response to a drug called

clopidogrel (sounds like "kloh-PID-oh-grel”). Clopidogrel has the brand name Plavix. Clopidogrel i1s used to help prevent harmful
blood clots from developing, such as for people who have had a recent heart attack, or a stroke

CYP2C19 Results: Your result is *1/*2. This means you may not respond as well to clopidogrel

Many factors, including this test, help your doctor decide if taking clopidogrel is right for you




The face of personalized medicine
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Intrepretations
of primary data
(expect rapid
change)

Layered classes of
EHR-relevant data

rule for CYP2C19*2 homozygotes at time
of clopidigrel prescribing).
A few tens of bytes each.

Structured keywords for clinical decisior\ Interpretive
support (e.g., C*2*2CLM fires decision codes

Primary
Observations.
If accurate,
keep forever

Diagnostic
Interpretations
(PDF reports). A few
kilobytes each.

Personal molecular differences
represented in EHR as computed
offset from a Clinical Standard
Reference Genome (CSRG)
=~1% of genome/ proteome.

A few megabytes.

Consensus full personal germline and somatic sequence(s)
and metadata: a few gigabytes each

8x -30x nextgen reads:

hundreds of gigabytes/terabyte
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